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ABSTRACT 

The  blast  response  of  35  ft  fibreglass  Whip  Antennas  was 
investigated  in  a free-field  blast  trial  and  in  numerical  simulation 
experiments.  The  antennas  satisfactorily  withstood  the  air  blast 
loading  at  nominal  7.0,  10.0  and  12.2  psi  peak  overpressure  locaticns  in 
Event  Dice  Throw.  The  numerical  model  predictions  for  the  natural 
frequencies  are  in  excellent  agreement  with  results  obtained  experimentally, 
however  the  corresponding  predictions  for  the  transient  strain  using 
drag  coefficients  based  on  previous  trials  were  approximately  double  the 
values  obtained  experimentally.  Subsequent  revised  numerical  predictions 
for  the  transient  strains  using  experimental  drag  coefficients  obtained 
independently  in  the  blast  trial  itself  have  produced  results  in  more 
reasonable  agreement  with  the  experimental  transient  strains. 
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INTRODUCTION 

The  Defence  Research  Establishment  Suffield  (DRES),  in  support 
of  the  Canadian  Forces  (Maritime)  requirement  on  blast  hardening  of  ships 
and  components,  has  conducted  a series  of  tests  to  determine  the  ability 
of  certain  antenna  designs  to  withstand  various  blast  overpressures. 
During  Event  Dice  Throw,  a 620-ton  AN/FO  free-field  blast  trial  con- 
ducted by  the  United  States  Defense  Nuclear  Agency  at  the  White  Sands 
Missile  Range  in  New  Mexico  on  October  6,  1976,  several  antenna  designs 
were  tested  at  various  overpressure  levels.  One  of  the  antenna  designs 
evaluated  in  the  trial  was  a 35  ft  fibreglass  Whip  Antenna. 

The  objectives  of  this  study  were  to  determine  the  ability  of 
three  35  ft  fibreglass  Whip  Antennas  to  withstand  the  effects  of  blast 
waves  at  the  nominal  7.0,  10.0  and  12.2  psi  peak  overpressure  levels 
respectively,  and  to  compare  the  measured  response  of  the  antennas 
against  theoretical  predictions  determined  by  a computer  model  recently 
developed  at  DRES  [1].  It  was  intended  that  experimental  verification 
of  the  computer  model  would  lead  to  a criterion  for  predicting  the  blast 
response  of  whip  antenna  designs  in  general. 
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INSTALLATION  AND  INSTRUMENTATION  OF  THE  WHIP, ANTENNAS 

The  Whip  Antenna  design  evaluated  in  the  study  was  Model 
AS5085-SR  manufactured  by  Valcom  Ltd.,  Guelph,  Ontario.  A schematic  of 
the  antenna  is  shown  in  Figure  1.  According  to  the  manufacturer  ! : ■ I , 
the  main  shaft  of  the  antenna  was  composed  of  alternate  fibreglass 
layers  at  90°  and  0°  angles  relative  to  the  axis  of  the  antenna.  The 
volume  ratio  of  longitudinal  to  circumferential  fibres  was  approximately 
2:1  throughout  the  antenna  except  in  the  region  of  the  base  of  the 
antenna.  The  lower  three  feet  of  the  shaft  was  increased  in  size  by 
additional  circumferential  wrappings  up  to  3/4  in  thick  (the  additional 
wrappings  at  the  base  added  no  additional  flexural  strength  to  the 
antenna).  The  antenna  was  fabricated  in  two  pieces  which  joined  together 
through  an  embedded  brass  coupling  located  approximately  18  ft  from  the 
base  (see  Figure  1).  Additional  physical  characteristics  of  the  antenna, 
as  supplied  by  the  manufacturer,  are  presented  in  Table  1. 

Three  Whip  Antennas  were  installed  for  the  Event  Dice  Throw 
field  trial.  The  antennas  were  located  at  the  nominal  7.0,  10.0  and  12.2 
psi  peak  overpressure  locations  (1135,  940  and  875  ft  respectively  from 
ground  zero).  For  discussion  purposes,  the  antennas  will  be  referred  to 
by  the  nominal  peak  overpressure  locations  at  which  they  were  installed. 

Each  antenna  was  mounted  on  a 24  in  x 30  in  x 21.5  in  steel  box  (DRES 
drawing  MES-CDT-100-C3-2)  of  a type  used  in  a previous  multi-ton  field 
trial  ( Event  Dial  Pack,  held  at  DRES  in  1970)  as  a mounting  for  a GRP 
Whip  Antenna  [3].  The  steel  box  assemblies  were  subsequently  bolted  to 
5 ft  x 8 ft  x 2 ft  heavy  reinforced  concrete  foundations  (DRES  drawing 
MES-CDT-100-C3-1 ) . A photograph  of  the  three  Whip  Antennas  installed 
for  the  Event  Dice  Throw  field  trial  is  shown  in  Figure  2. 

Five  pairs  of  MICRO-MEASUREMENTS  type  EA-41-10CBE-120  strain 
gauges  were  bonded  directly  to  the  outer  surface  of  the  nominal  7.0  psi 
Whip  Antenna.  The  gauge  locations  are  shown  in  Figure  1.  In  addition, 
two  strain  gauge  pairs  were  bonded  to  the  outer  surface  of  the  nominal 
10.0  and  12.2  psi  Whip  Antennas.  The  locations  of  the  nine  strain  gauge 
pairs  are  summarized  in  Table  2.  The  gauges  which  constitute  a strain 
gauge  pair  were  bonded  to  opposite  sides  of  the  antennas  on  a line 
corresponding  to  the  blast  direction,  thereby  measuring  the  maximum 
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flexural  strain  at  the  specified  cross-sections. 

The  signals  from  the  strain  gauge  pairs  were  conditioned  with 
bridge  and  balance  units,  amplified,  F.M.  multiplexed  and  then  recorded 
on  14-track  magnetic  tape  with  a frequency  response  of  DC  to  4 KHz.  In 
this  fashion,  five  channels  of  experimental  data  were  multiplexed  onto 
one  tape  channel,  a procedure  which  was  required  by  the  large  number  of 
DRES  data  channels  and  limited  number  of  tape  recorders.  A block  diagram 
describing  the  instrumentation  is  shown  in  figure  3,  and  a photograph  of 
the  DRES  Instrumentation  Bunker  in  which  the  data  signals  were  processed 
and  recorded  is  shown  in  Figure  4. 

In  addition  to  the  strain  gauge  data,  the  response  of  the  7.0, 

10.0  and  12 .ES'psT  Whip  Antennas  was  recorded  respectively  on  a LOCAM 
high-speed  camera  at  500  frames  per  second,  a FASTAIR  high-speed  camera 
at  320  frames  per  second  and  a FASTAIR  high-speed  camera  at  600  frames 
per  second.  A time  mark  generator  was  used  to  confirm  the  above  film 
speeds . 

COMPUTER  MODEL  SIMULATION 

A numerical  procedure  was  developed  at  DRES  to  predict  the 
elastic  response  of  a variable  cross-section  cantilever  beam  when  subjected 
to  a transient  air  blast  load  [lj.  The  procedure  begins  with  the  Bernoulli- 
Euler  equation  of  a vibrating  beam.  The  normal  modes  and  natural  frequencies 
of  the  beam  are  determined  by  solving  the  differential  equations  for 
free  vibration  using  successive  relaxation,  Rayleigh  quotient  and  Gratn- 
Schmidt  orthogonal ization  numerical  techniques.  The  forced  vibration 
solution  is  obtained  using  normal  mode  coordinates  and  Laplace  transforms. 

The  computer  model  simulation  used  a clamped-free  boundary 
condition  of  the  form 

(a)  clamp  at  x=0,  zero  displacement  and  slope, 

( (1 

(b)  free  at  x=L,  zero  moment  and  shear, 

where  x is  a distance  coordinate  measured  from  the  base  of  the  antenna 
and  L is  the  length  of  the  antenna.  In  addition,  the  following  values 
for  the  drag  coefficient  were  used  in  computing  the  aerodynamic  drao 
portion  of  the  blast  wave  loading  on  the  antenna  in  the  first  set  o 
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simulations: 


CD 


0.7  , 

M-0.48,  Re*3xlOb, 

0.6  , 

M- 0.48,  Re*.3xl0\ 

1.2  , 

M--0.48,  Re  3x10'  . 

In  the  above  equation,  M is  the  instantaneous  Mach  mumber  of  the  flow 
incident  on  the  antenna,  and  Re  is  the  instantaneous  Reynolds  number 
(based  on  local  diameter).  A revised  set  of  drag  coefficients  (based  on 
independent  drag  experiments  in  Event  Dice  Throw  itself)  were  used  in  a 
subsequent  simulation  experiment,  to  be  considered  in  detail  in  a later 
section. 

The  structure  of  the  Whip  Antenna  was  represented  in  the 
computer  model  in  such  a way  as  to  simulate  the  mass  and  projected 
(normal  to  blast  direction)  cross-sectional  area  profiles  of  the  antenna. 
Three  different  mass/projected  cross-sectional  area  profiles  were  considered 
The  first  profile  (simulation  A)  corresponded  to  physical  data  supplied 
by  the  manufacturer  (Table  1;  !\  j).  The  second  profile  'simulation  B) 
corresponded  to  antenna  wall  thicknesses  measured  from  ..  ra>  examination 
of  the  nominal  7.0  psi  Whip  Antenna  (radiography  examination  by  R.M. 

Hardy  and  Associates  [ U J ) . The  final  profile  (simulation  C)  corresponded 
to  micrometer  measurements  of  test  samples  cut  out  of  the  antenna  to 
determine  the  wall  thicknesses  for  the  nominal  7.0  psi  Whip  Antenna. 

With  these  measurements  adjustment  to  the  profiles  near  the  base  anr  in 
the  vicinity  of  the  junction  between  lower  and  upper  portions  of  the 
antenna  were  made  to  account  for  the  additional  mass  (measured)  and 
stiffening  in  the  indicated  regions.  In  addition,  the  third  simulation 
used  a mass-weighted  average  value  for  Young's  Modulus  based  on  tensile 
tests  performed  by  R.M.  Hardy  and  Associates  (Figure  5;  !‘J).  In  summary, 
simulations  A and  B were  based  on  antenna  features  which  were  known  or 
measured  prior  to  the  blast  trial,  while  simulation  C was  based  on 
antenna  properties  which  were  obtained  in  destructive  tests  arid  measurements 
of  the  nominal  7.0  psi  Whip  Antenna  following  the  blast  trial. 

A comparison  of  the  three  simulations  for  the  mass/projected 
cross-sectional  area  profiles  of  the  nominal  7.0  psi  Whip  Antenna  is 
presented  in  Table  3.  Simulation  A (manufacturer ' s data)  is  found  to 
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differ  significantly  from  simulations  B and  C (measured  data)  above  the 
lower  3 ft  portion  of  the  antenna.  The  differences  in  the  profiles  will 
result  in  differences  in  the  correspond ing  strain  predictions,  a point 
which  will  be  examined  in  more  detail  under  the  heading,  "Comparison  of 
Theoretical  and  Experimental  Bending  Strain  Histories:  Event  Dice  Throw". 

COMPARISON  OF  THEORETICAL  AND  EXPERIMENTAL  NATURAL  FREQUENCIES: 

TWANG  TEST 

Prior  to  the  blast  trial,  a "Twang  Test"  was  performed  to 
obtain  free  vibration  strain  data  for  the  Whip  Antennas.  A static  load 
was  applied  near  the  top  of  each  antenna  using  an  anchored  nylon  rope  at 
a pull  angle  of  30°  to  the  horizontal.  The  load  was  subsequently  released 
electrically  and  the  strain  data  for  free  vibration  was  recorded.  The 
experiment  was  performed  to  determine  the  natural  frequencies  of  the 
antennas  and  to  verify  the  test  instrumental. ion. 

A photograph  of  the  Twang  Test  ipum  ■ hnwt  ir  ' nine  ft. 

The  apparatus  consisted  of  a 1/4  in  nyl'n  r . ^ n:  • < v 

the  30  ft  location  on  each  ot  the  antmn  i ' t ■ t>  , ■,  a 

6000  lb  capacity  L.A.R.  Corp.  Quick  R< erat< 

winch  to  take  up  slack  in  the  system,  and 

load  cell  (model  ML2-151-1K)  with  a Hurt  '*■.  n m,  . . • t 

P-350)  to  measure  the  applied  load.  Ih-  a,  : . - n*  mi  <,■  ml 

locally  with  the  load  cell  while  the  bendi"g  • t , , - m ■)  by  t'u 

strain  gauges  bonded  to  the  antenna  were  recorded  remotely  In  the  Ins  • -• 
mentation  Bunker. 

The  loads  on  the  antenn.:  were  relea  ed  electrically  and  the 
bending  strain  data  for  free  vibration  ( "Twang  rest")  were  recorded  in 
the  Instrumentation  Bunker.  In  this  fashion  it  was  possible  to  establish 
that  the  test  instrumentation  was  operational. 

A Fourier  analysis  was  subsequently  performed  he  experimental 

strain  data  to  determine  the  natural  frequencies  of  eac  The 

free  vibration  strain  history  and  corresponding  Fourier  o'  s for 
gauges  2 and  5 are  presented  in  figures  7 and  8.  As  shown,  the  lowest 
natural  frequency  tor  the  7.0  (is i Whip  Antenna  is  sharply  identified  as 
1.27  cps  by  the  Fourier  analysis,  wh'le  the  higher  natural  frequencies 
are  less  distinct. . The  be  n itioi  he  higher  nature  fn 
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occurs  for  the  gauge  located  in  the  upper  region  of  the  antenna,  gauge 
5.  The  three  lowest  natural  frequencies  of  the  three  antennas,  as 
determined  from  a Fourier  analysis  of  the  Twang  Test  strain  measurements, 
are  presented  in  Table  4.  The  observed  differences  between  the  experimental 
natural  frequencies  of  the  three  antennas  are  due  to  differences  in 
antenna  construction.  In  particular,  the  10.0  and  12.2  psi  antennas 
were  15  inches  longer  than  the  7.0  psi  antenna  [6]. 

The  theoretical  (numerical  simulation)  predictions  for  the 
three  lowest  natural  frequencies  and  corresponding  normal  modes  for 
simulation  A of  the  7.0  psi  Whip  Antenna  are  presented  in  Figure  9. 

Normal  modes  of  a similar  general  shape  were  obtained  for  simulations  B 
and  C.  A comparison  of  the  natural  frequencies  for  simulations  A,  B and 
C of  the  7.0  psi  Whip  Antenna  against  the  experimental  values  obtained 
from  the  Twang  Test  is  presented  in  Table  5.  It  is  apparent  from  this 
comparison  that  the  predicted  frequencies  are  in  excellent  agreement 
with  the  values  obtained  experimentally. 

COMPARISON  OF  THEORETICAL  AND  EXPERIMENTAL  BENDING  STRAIN  HISTOLIES : 

EVENT  DICE  THROW 

The  numerical  simulation  model  was  used  to  generate  ber  liny 
strain  predictions  corresponding  to  two  types  of  Friedlander  overpressure 
waves.  The  two  sets  of  overpressures  respectively  correspond  to  Defense 
Nuclear  Agengy  (DNA)  pre-trial  predictions  (blast  data  A)  and  average 
measured1  blast  wave  properties  (blast  data  B)  at  the  nominal  7.0,  10.0 
and  12.2  psi  peak  over  pressure  locations. 

A comparison  of  the  two  sets  of  Friedlander  overpressure  waves 
is  presented  in  Table  6 and  Figure  10.  It  should  be  noted  that  despite 
the  lower  peak  overpressure  in  the  experimental  Friedlander  waves,  the 
total  inpulse  associated  with  the  experimental  waves  is  18  to  49  higher 
than  the  corresponding  impulse  of  the  7.0,  10.0  and  12.2  psi  predicted 
waves. 


The  free-field  overpressure  at  the  base  of  the  three  antennas  was  measured 
using  ten  Bytrex  Model  HFH- 100  strain-type  pressure  transducers  The 
"measured"  overpressure  wave  properties  were  considered  to  be  the  average 
of  the  properties  determined  by  the  individual  pressure  transducers. 
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PREDICTIONS  BASED  ON  PRE-TRIAL  DRAG  COE IF  I Cl  ENTS 

Three  sets  of  bending  strain  predictions  were  calculated  u s i . . g 
the  pre-trial  drag  coefficients  summarized  in  equation  (2).  The  discussion 
which  follows  considers  only  the  predictions  for  the  7.0  psi  Whip  Antenna, 
since  the  trends  apparent  in  this  set  of  results  are  representati ve  of 
the  results  obtained  with  the  other  antennas.  A summary  of  the  essential 
features  of  the  throe  prediction  experiments  is  presented  in  Table  7. 

The  first  set  of  predictions  (predictions  1)  used  physical 
data  supplied  by  the  contractor  (simulation  A)  together  with  pre-trial 
blast  data  provided  by  DNA  (blast  data  A).  This  set  of  predictions  is 
therefore  based  on  pre-trial  physical  and  blast  data  supplied  by  external 
agencies. 

A comparison  of  predicted  against  experimental  strain  histories 
for  the  7.0  psi  Whip  Antenna  is  presented  in  Figure  11,  and  an  evaluation 
of  the  ability  of  the  model  to  predict  peak  bending  strains  is  given  in 
Table  8.  Although  certain  gauge  locations  display  reasonably  good 
agreement  between  predicted  and  experimental  strains,  at  most  locations 
the  measured  strains  are  considerably  smaller  than  predicted.  This 
is  apparent  from  the  large  value  for  the  average  ratio  of  peak  theoret- 
ical to  experimental  strains  (1.62;  see  Table  8).  In  addition,  tire 
ratio  of  peak  theoretical  to  experimental  strains  fluctuates  considerably 
from  gauge  to  gauge,  indicating  that  the  mass  profile  simulation  does 
not  accurately  follow  the  mass  distribution  trends  in  the  antenna  itself. 

The  second  set  of  predictions  (predictions  2)  used  physical 
data  corresponding  to  x-ray  measurements  at  DRES  (simulation  B)  together 
with  pre-trial  blast  data  provided  by  DNA  (blast  data  A).  As  in  the 
previous  prediction  experiment,  this  calculation  is  based  on  pre-trial 
data  since  non-destructive  techniques  were  used  to  determine  the  antenna 
properties. 

A comparison  of  the  corresponding  predicted  strains  against 
the  experimental  results  is  provided  in  Figure  12  and  Table  8.  It  is 
noted  that  the  predictions  are  in  poorer  agreement  with  the  experimental 
results  than  in  the  first  prediction  set,  a result  which  was  not  anticipated 
since  more  accurate  simulation  data  was  used  to  describe  the  antenna 
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structure  in  this  case  compared  to  the  former.  It  is  therefore  apparent 
that  the  earlier  prediction  set  1 involved  compensating  errors  in  that 
an  erroneous  simulated  mass  profile  produced  errors  which  compensated 
for  at.  unknown  factor  which  is  causing  the  strain  predictions  to  be  much 
larger  than  the  experimental  values  would  indicate. 

The  third  set  of  predictions  (predictions  3)  used  experimental ly 
determined  physical  and  blast  data  as  input  to  the  numerical  prediction 
model.  This  represents  the  best  available  input  data  to  the  numerical 
prediction  model,  and  should  therefore  produce  the  best  strain  predictions. 
The  mass  profile  in  the  calculation  corresponds  to  measurements  obtained 
from  post-trial  destructive  tests  performed  on  the  7.0  psi  Whip  Antenna 
(simulation  C),  and  the  air  blast  data  corresponds  to  average  measured 
blast  wave  properties  (blast  data  B). 

A comparison  of  the  corresponding  predicted  strains  against 
the  experimental  results  is  presented  in  Figure  13  and  Table  8.  Similar 
to  the  previous  prediction  experiments,  the  predictions  are  considerably 
larger  than  the  experimental  results.  However,  the  ratio  of  peak  theoretical 
to  experimental  strains  fluctuates  considerably  less  from  gauge  to  gauge 
compared  to  the  earlier  predictions,  indicating  that  the  mass  profile 
simulation  more  accurately  follows  the  actual  mass  distribution  trends 
in  the  antenna  itself.  In  addition,  it  should  be  noted  that  this  prediction 
is  based  on  blast  data  which  has  an  18  to  49'  larger  positive  phase 
impulse  than  in  the  earlier  prediction  experiments.  The  earlier  prediction 
sets  1 and  2 therefore  had  compensating  errors,  since  artificially  low 
pre-trial  DNA  blast  data  compensated  for  an  unknown  factor  which  is 
causing  the  strain  predictions  to  be  much  larger  than  the  experimental 
values  would  indicate. 

At  this  point,  the  only  remaining  area  to  be  evaluated  in 
assessing  the  cause  of  the  poor  performance  of  the  numerical  prediction 
model  lies  with  the  empirical  drag  coefficients.  This  will  be  considered 
in  detail  in  the  following  section. 

PREDICTIONS  BASED  ON  DICE  THROW  DRAG  COEFFICIENTS 

An  aerodynamic  drag  project  was  independently  undertaken  in 
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the  Event  Dice  Throw  field  trial  [81.  The  drag  forces  on  cylinders  of 
various  diameters  were  determined  using  free-f light  measurement  techniques, 
and  preliminary  drag  coefficient  results,  as  shown  in  Figure  14,  are  now 
available  in  the  low  Reynolds  number  regime,  applicable  to  the  Whip 
Antenna  study. 

It  is  apparent  from  these  preliminary  results  that  the  drag 
coefficients  at  low  Reynolds  number  in  Event  Dice  Throw  are  much  smaller 
than  anticipated  from  earlier  field  trials.  Based  on  the  preliminary 
results  presented  in  Figure  14,  a drag  coefficient  profile  appropriate 
to  the  low  Reynolds  number  regime  in  Event  Dice  Throw  is  of  the  form 

0.3  , M<0.48,  Re*4xlOl\ 

0.6  , M-.-0.48,  Re-'4xlOri. 

It  should  be  noted  that  this  profile  is  based  on  preliminary  drag  measurements, 
and  the  reader  is  referred  to  the  final  drag  study  report  [8]  for  more 
details  and  revised  Cp  profiles. 

A final  set  of  strain  predictions  was  produced  using  the  drag 
coefficient  profile  specified  by  equation  (3).  The  predictions  were 
computed  using  experimentally  determined  physical  and  blast  data  (mass 
profile  simulation  C,  blast  data  B)  as  input  to  the  numerical  prediction 
model  (see  Table  7).  A comparison  of  the  corresponding  predicted  strains 
against  the  experimental  results  is  presented  in  Figures,  15,  16,  arid 
17,  and  Table  8.  The  comparisons  for  the  7.0  psi  Whip  Antenna  are 
repeated  in  Figures  18  to  22  in  an  enlarged  format. 

In  general,  the  predicted  strains  are  found  to  be  in  reasonable 
agreement  with  the  experimental  strains.  The  average  ratio  of  peak 
theoretical  to  experimental  bending  strains  is  1.27,  a value  significantly 
less  than  the  results  from  the  previous  prediction  experiments.  The 
best  agreement  between  the  predicted  and  experimental  strains  occurs 
with  gauges  4 and  5,  located  in  the  upper  portion  of  the  7.0  psi  Whip 
Antenna. 
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The  poorest  agreement  in  this  prediction  experiment  is  obtained 
for  gauge  6,  located  in  the  lower  portion  of  the  10.0  psi  Whip  Antenna 
(see  Figures  1 and  16).  This  result  is  in  part  a consequence  of  using  a 
mass  profile  simulation  based  on  the  7.0  psi  antenna  (simulation  C)  in 
generating  the  time  response  of  the  10.0  psi  antenna.  As  noted  earlier, 
the  three  antennas  differ  in  construction  [6],  and  measured  mass  profile 
data  was  not  available  for  the  10.0  and  12.2  psi  antennas. 

Due  to  strain  gauge  failure  early  in  the  pressure/time  history 
of  the  blast  wave,  experimental  verification  of  strain  predictions  from 
three  of  the  four  strain  gauge  pairs  on  the  10.0  and  12.2  psi  Whip 
Antennas  is  not  available. 

CONCLUSIONS 

The  blast  response  of  35  ft  fibreglass  Whip  Antennas  was 
investigated  in  a free-field  blast  trial  and  in  numerical  simulation 
experiments.  The  antennas  satisfactorily  withstood  the  air  blast  loading 
at  nominal  7.0,  10.0  and  12.2  psi  peak  overpressure  locations  in  Ev^nt. 

Dice  Throw.  The  corresponding  antenna  response  was  modelled  numerica1 iy, 
and  predictions  of  natural  frequencies  and  transient  bending  strains 
were  generated  for  various  antenna  mass  profile  simulations  and  air 
blast  loadings. 

The  predicted  natural  frequencies  were  in  excellent  agreement 
with  experimental  results  and  the  transient  strain  predictions  using 
experimental  drag  coefficients  obtained  independently  in  the  blast  trial 
itself  were  in  reasonable  agreement  with  the  experimental  transient  strains. 

Accuracy  of  the  transient  strain  predictions  was  found  to 
depend  significantly  on  the  following  three  conditions: 

(a)  the  computer  simulation  must  make  use  of  the  mass  profile  and 
physical  properties  of  the  actual  antenna* 

(b)  the  computer  simulation  must  make  use  of  the  air  blast  properties 
of  the  actual  blast  wave  (peak  overpressure,  positive  phase 
duration,  and  particularly  the  positive  phase  impulse); 

(c)  the  computer  simulation  must  make  use  of  the  aerodynamic  draq 
coefficient  (C^)  relevant  to  the  antenna  geometry  and  blast  wave 
in  question. 
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Conditions  (a)  and  (b)  are  generally  known  with  some  degree  of  certainty 
prior  to  a blast  trial  (if  necessary,  destructive  material  tests  may  be 
carried  out  on  a duplicate  antenna  to  establish  the  correct  mass  profile 
and  physical  properties  for  the  numerical  simulation).  However,  there 
appears  to  be  some  doubt  regarding  correct  drag  coefficient  relationship 
for  air  blast  waves  (as  function  of  Reynolds  number,  Mach  number,  and 
blast  wave  properties)  particularly  in  the  low  Reynolds  number  regime 
which  applies  to  whip  antennas.  Evidence  of  drag  coefficient  uncer- 
tainty was  apparent  in  this  study  through  the  large  differences  in 
transient  strain  predictions  obtained  using  pre-trial  C^  profiles  and 
profiles  of  C^  determined  from  the  blast  trial  itself.  Reducing  the 
uncertainty  in  C^  at  low  Reynolds  and  Mach  numbers  represents  an  area 
requiring  further  investigation. 

Subject  to  an  accurate  simulation  of  the  antenna  mass  profile, 
blast  wave  properties,  and  drag  coefficient  profiles,  the  computer  model 
is  recommended  as  a design  tool  in  the  development  of  whip  antennas  in 
general . 
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3 

X (ft) 

0D  (in) 

ID  (in) 

2 

6.5 

4.4 

6 

5.0 

4.1 

10 

4 5 

3.7 

14 

4.15 

3.4 

18 

3.9 

3.0 

22 

3.0 

2.6 

26 

2.4 

2.!  j 

20 

2.1 

1.8 

34 

1 

1.9 

1.5 

Distance  from  the  base  of  the  antenna. 


2 

Outside  diameter. 


3 

Inside  diameter. 


E = 3.9x106  psi 
p = 0.002298  slugs/in3 


Table  1 : Physical  features  of  the  Valcotr,  A55G35-SR  fibreglass 
Whip  Antenna,  as  supplied  by  the  manufacturer  [2]. 
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Gauge 

x (ft) 

1 

7.0  psi 

3.5 

2 

7.0  psi 

10.5 

3 

7.0  psi 

17.0 

4 

7.0  psi 

18.4 

5 

7.0  psi 

24.0 

6 

10.0  psi 

10.5 

7 

10.0  psi 

24.0 

8 

12.2  psi 

10.5 

9 

— 

12.2  psi 

24.0 

Table  2:  Strain  gauge  locations  of  the  three  Whip 
Antennas. 
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Mode 

Natural 

Frequencies  (cps) 

7.0  psi 

10.0  psi 

12.2  psi 

1 

1.27 

1.03 

| 

1.02 

2 

4.20 

3.46 

3.52 

3 

9.50 

— 

8.25 

- 

7.75 

Table  4:  Natural  frequencies  of  the  three  Whip  Antennas  as 
determined  from  a Fourier  analysis  of  the  Twang 
Test  strain  measurements. 
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Table  6:  Air  blast  data  corresponding  to  the  pre-trial  DNA  predictions  (blast  data  A) 
and  the  average  measured  blast  wave  properties  (blast  data  B). 
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See  Table  3. 

See  Table  6. 

Table  7:  Summary  of  the  numerical  predictions  for  transient  bending 
strains. 
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FIG.  I SCHEMATIC  OF  THE  NOMINAL  7.0  PSI  35  FT  FIBREGLASS  WHIP  ANTENNA, 
INCLUDING  THE  LOCATIONS  OF  THE  STRAIN  GAUGES 
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FIGURE  6:  PHOTOGRAPH  OF  THE  TWANG  TEST  APPARATUS. 
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WHIP  ANTENNA  W-2  NATE  HIS 


DO  400  GOO  000  1000  1S00  1400  1G00  1800  SOOC 

TIME  (MS) 


WHIP  ANTENNA  W-  2 RATE  512 


I 


5 30  45  GO  75  00  105  ISO  135 

FREQ  (HZ) 

FIGURE  7:  TWANG  TEST  BENDING  STRAIN  HISTORY  AND  CORRESPONDING  FOURIER 
ANALYSIS  FOR  GAUGE  2. 
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FIGURE  9:  THEORETICAL  (NUMERICAL  SIMULATION)  PREDICTIONS  FOR  THE  THREE 
LOWEST  NATURAL  FREQUENCIES  AND  CORRESPONDING  NORMAL  MODES 
FOR  SIMULATION  A OF  THE  7.0  PSI  WHIP  ANTENNA. 
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FIG.  11  COMPARISON  OF  BENDING  STRAIN  PREDICTIONS  SET  1 (DASHED  LINES) 
AGAINST  THE  MEASURED  STRAINS  (SOLID  LINES)  FOR  THE  7.0  PSI 
WHIP  ANTENNA  AT  GAUGE  LOCATIONS  1 TO  5. 
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FIG.  12  COMPARISON  OF  BENDING  STRAIN  PREDICTIONS  SET  2 (DASHED  LINES) 
AGAINST  THE  MEASURED  STRAINS  ( SOLID  LINES)  FOR  THE  7.0  PSI 
WHIP  ANTENNA  AT  GAUGE  LOCATIONS  1 TO  5. 
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FIG.  13  COMPARISON  OF  BENDING  STRAIN  PREDICTIONS  SET  3 (DASHED  LINES) 
AGAINST  THE  MEASURED  STRAINS  (SOLID  LINES)  FOR  THE  7.0  PSI 
WHIP  ANTENNA  AT  GAUGE  LOCATIONS  1 TO  5. 
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FIGURE  14:  PRELIMINARY  DRAG  COEFFICIENT  PROFILES  DETERMINED  FROM  THE  DICE  THROW  DRAG  EXPERIMENT  [8]. 
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FIG.  15  COMPARISON  OF  BENDING  STRAIN  PREDICTIONS  SET  4 (DASHED  LINES) 
AGAINST  THE  MEASURED  STRAINS  (SOLID  LINES)  FOR  THE  7.0  PSI 
WHIP  ANTENNA  AT  GAUGE  LOCATIONS  1 TO  5. 
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COMPARISON  OF  BENDING  STRAIN  PREDICTIONS  SET  4 (DASHED  LINES)  AGAINST  THE  MEASURED 
STRAINS  ( SOLID  LINES)  FOR  THE  10.0  PSI  WHIP  ANTENNA  AT  GAUGE  LOCATIONS  6 AND  7. 
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FIG.  17  COMPARISON  OF  BENDING  STRAIN  PREDICTIONS  SET  4 (DASHED  LINES)  AGAINST  THE  MEASURED 
STRAINS  (SOLID  LINES)  FOR  THE  10. 0 PSI  WHIP  ANTENNA  AT  GAUGE  LOCATIONS  8 and  9. 
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COMPARISON  OF  BENDING  STRAIN  PREDICTIONS  SET  4 (DASHED  LINES)  AGAINST  THE  MEASURED 
STRAINS  (SOLID  LINES)  FOR  THE  7.0  PSI  WHIP  ANTENNA  AT  GAUGE  LOCATION  2. 
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FIG.  22  COMPARISON  OF  BENDING  STRAIN  PREDICTIONS  SET  4 (DASHED  LINES)  AGAINST  THE  MEASURED 
STRAINS  (SOLID  LINES)  FOR  THE  7.0  PSI  WHIP  ANTENNA  AT  GAUGE  LOCATION  5. 
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